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ABSTRACT : 



PROBLEM TO BE SOLVED: To provide a synchronous rectifier capable of sharply 
reducing the power consumption in a section, where the winding voltage of a transformer 
becomes zero by omitting a communicating diode. 

SOLUTION: A synchronous rectifier 18 of a DC-DC conversion circuit is composed of a 
first MOSFET 7, a second MOSFET 8, a bias diode 20, a short circuit switching element 
21 , and resistors 22 and 23. The first MOSFET 7 and the short circuit switch element 21 
are turned on synchronously with the on operation of a main switch element 4. The 
second MOSFET 8 is turned on, when the main switch element 4 is off. When the main 
switch element 4 is on, the current of a choke coil 12 is let flowed through the first 
MOSFET 7, and when the main switch element 4 is off, it is let flowed through the second 
MOSFET 8. Also when the winding voltage of a transformer 2 becomes zero voltage in the 
off condition of the main switch element 4, the bias diode 20 checks the discharge of the 
charge of the input parasitic capacitance between the gate and source of the second 
MOSFET 8, with the off operation of the short circuit switch element 21 . Subsequently, the 
second MOSFET 8 is turned on. 
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itm&» 3 dc- d c^BisoiamB«si^sr 

1CDMOS F E T 7 i^2©MOS 
rxy-/*-F20<bfi»X-/^^JR^2ltfi!S*22. 23 
r«fiRTS. 3*1 ©MO S FET7<fcJSte* 4*2-35 

4***:7©<h**>S-l*4. y^>^^^ST4©t 
a - * n 4 Jl/i2<D«ift W» 1 OM O S F E T 
7£9U ;*4>*4 9**f4O*7»B»2OM0 
S FET8^3lUr^-ro 

K20iCj:Om2c7)MOS F ET 8<D^— h • v- 
^ffflCDA*^4SSCDm^»cm?:PflltU, HI 2CDMO S 
FET8 4?ld«6**>ttf^S*4. 
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im&m i ] sasiHcc h ^ >xco-^e<b ^ > 
tc«jB-r 4«e*s«¥» ur u*-r §dc-d cse» 

m<D h 5 >^<D-;X«^(D— fflffljCC^ 1 OMO S F E 
T<DKU ^7^©«E*^SfeTSW©HuEh^ 
>^(0— ^«K<Dffi«flBCclRl COMOS FEW- 10 

h*J*h*h8«Sh, W«B»l©MOS FEW 
-MC»2©M0S FET©FUY>^ BiTES* 1 CO 
MOS FET(DV-X«CS2 0MOS FETOV- 
^*J*h*h«»Sti. ftTEJftlOMOS FETOF 

U^>i^2(DMOS F ET©y- Hffl«:tt»2©M 

os few- n»j**/y- FBtot^rxy 

H*IE«liBiOrfrE»l COM OS FEW- h# 
y*^ t & €dwra** >JWH £LX*> urfflEx 20 
^7^^^ FtJSftTSJSI&x-f 6 

[0 00 1] 

C»M©«r*«SB»»] «8?8B, DC-DCSMtH 
[0 00 2] 

m$k<D&m H4(cWHWffll*Sl*«*.fcDC-D 

c^aram (DC-DC3>^-^) *^snrtr>s. 

— ttflHCCWMOS FET (WBWh^^X*) <E> 
j* A -f * ^55-? 4 sWCWcflMRS ft. c cd— %*fll 
3<ty^>X*r* 4 (DB?iJffii^f*<D 3 ^ ;UjgffliJ » 

[0 0 0 3 ] h7>X2©r^ta (n^a^JU) 6CD 40 

iftgltt»l©MOS FET7£ffS2CDMOS FE 
T8 ££;Sfi*£btffc4>CDr, JSlOMOS FET7 

S F E T 7<D F >ttr*««Sl6 <D<ft«flB«cSSR3 

trci>& 0 -eu-t, i&icdmos fet7cdfw> 

<b»2(DMOS FET8©y-hW««3tl, 
MOS FET8<DKl/>f>^l(DMOSFET7(D 
y- FCCSaftStlTteO. I20MOS FET80V 
-*fr*gSl CDMOS FET7<DV-^CC^$nrC^ 50 



ftmW* 1 0- 1 3 6 646 
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[0 004 ] B2CDMOS FET8©y-XiFU-f 

>raec« f u * y - fwjcc u 2 om o s 

^(Effiy-f^-F i/a » F*-/<";ry-f* 

-K) l^JS^sntc^o fir, ffiEIKifc^*- 

ft. ccD^>f r >ifiicD~«)<b^ss^-f^- Fioor 
y- FPJiectt^3-^=i-/iH2*«aB*s*irc»s. fi 

r. r3>r>^iicD^WJ(Da^^Pfl(CBfi^i3^g^ 
3ft£ u 

[0 00 5] Mia^>T r >^ii<Z)a^^»3E (ElKttl^m 

BE) fcttfita<*14. 15Oi£^JlnI88(C<fc»3<ftUiS*X"C*5 0, 

^ 9 ^m^f 4^^^> ^»fp*iwtan- 

[0 006] C©X^ **>**lJtWiaBi7W:. SIS. ^ 

[0 00 7 ] ftte. 04{ttel:r£«*^**fK^CDDtt 
KW>, stey-*. G«y- F%*n*ti^UTl> 

[ 0 0 0 8 ] C <om<D D C - D C ^Jfe|o|ifgCD8Mf £ 

2 co— ^c«« 3 K&mnm 5 <omi£ e ^epsd $ — ;x 

h^>X2<D— 3^«»6CcaiEv B2 (v nl = E • n 
2 /n, ) j&JRjB-r*. fit, CC0«EEv lia *«»lCD 
MOS FET70y-h • V -^Pe1CCE|J/JPSn, ^1 
<0MOS FET7^y-f>^^ y^^3<D^>S6fP 
(c[53^Lr^>T^ 0 ft*5, n;x««6tcBi@-rs«]E 
v.^iSlOMOS FET7©y- MW7 7Xl<b 

ft^^ffir^o, Fu-f>ffliJ*«-7>r^xffjift4«0E"c 
[0009] fria® i <ouo s fet7 o^>ibs!icc 

J:D, COI10DMOS FET7CCSiJ£i 1 J^SKh 
ft*5, m5<D (b) ttll^MOS FET7(?)y 

- h • y-^fflSEE ( Vest ) 

[0010] -^T, ®2CDMOS F ET 8 te, %<D>f 

- h • y-XP H 1^t9iB*l OMOSFET7CO^>ift{ / P 

Fufcifc'W7*3ft*©-C, *7WB*I^ 
*r^<> co^, 5 1 3-^^-r;H2in>f r >-tMirTO 
ns^m^ ^ ^ tnm^am kdmosfet 



(3) 



;H2«:flfcft5*ifti c teMOS F E T 7 «rflfcri£*8S 

[0 0 1 I ] KJSBt, W^>^-f^«iF4*^7t 

*EaW6£U C<Dtc£>, h^>X2©r.^eJS6(DfS 

Ettffil&MSIEU U£l©MOS 

3?2©MOS FET8»y- h • V-*IH«C*Ev 

csi ^EnJrasnr*>T*. c©jh2©mos fet 

8 CD 5f- >«JE«eift y ^ * - K 10©* >mEEJ: 9 <&C > © 

r. ^3-^n-fJH2©miftie wRi*y-r*— K1O0B 10 

{CW8£tirtC»2<DMOS FET8ffllJ*fifcft, * a - 
^n^;H2CDmSSi c ©Jfcftt4**Kfc*i£. c©i£, 
^ 3 -*:n>(Jl<i2*iftft£*Sftic IJ»2 0MOS F 
ET8*fl6ft£«fifc i » 6C*Ul». 
[0012] B* SB t , T?h^>X2©*Ht«E#WC& 
Si, fH2©MOS ^a-^-Y 
;H2©»»i. «*2©MOS FET8©#f^>f 
*- F€rift*l«fc5 i"T CO#f-f 9 A*— K«fc*3 
«BEI»T©'b 3 ttlEifc y -f * - K io£iftft £ <fc 5 CC tt 

C©^a-*:3YJ!/l2*iJMa*«*i c ttlfcifcy-f*- 
Fio£8fc*iS«8fti j«C»Ut>. 

[0013] access? 1 3 rsov -r >*-y * 7-^4 

^*>-TSi, b^>*2©— &««3CCi£iS«aB5<l> 

tf^nSo C©J:5*c, t. -t 3 ©ttfttfl&fliEMT 
ton, filwl3CC^3tXS^a-^^^^12(Dm8Si « 
©«^#ftfcft*©r*S. 
[0014] 

tt, friBB#S«ti -t a ©KIBfcte^T, IS 2 ©mo s 

FET8#*7ttlB*«B#U C©ttJB"C> *s-*3 

*- KlO*RWt:i»4*^ C©<gS£#V*- FaTlOtt, 
SI 2 ©MO S F E T 8 ©*>tRJSB*©«EBTF<fc 0 & 

MaEiWfttiSJHIBKD^ai** 1 ** < tt« i C» 9 WIHrt* 
c©W»y-f*-Fiflt»Wur*), fff2©MO 
S FET8<0#f^ K*»t/CflMEt * - t 

cca-rciwnj«Bt7*i3&5, ^^-rsi, S2omos 

FET 8©*t^ ¥4*- F<DWH4T«IE»y^*- 

Fiflo«ffs*T<fc o fc**i>©r* ^ e>et 

[0015] *j^tt±gBSRffl*JB*T4A:toCC&3n 
tcb<DV$> 0, *<D@ff5W, F^>*2<D*JS«E**« 
&cft£Kffl (fliBt, -t, ©S5RB) ©rfi»«**IEi* 

&c icc&s 0 

[0016] 50 
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4 

m i ©*w*. jaatsiRtc h ^ >*©— ;x««i ^ -f > 

**■*©*> • *^IB«iCcJ:i3HtffBF7>X(Dn**» 
{CRIST S«E*KiS¥flt Orffl^-r SDC-DCtft 

4 * ^3R^- tfi * > 0 i * CC v ^ ± X OSE^T & 
91© h v > X©— yc#18©— iMMtC* 1 (DM O S F E 

>X©-;X«fi©fftffllMKS 1 ©MOS F ET©y— 
h#*tt*ftSBttSti. fJiaSfU©MOS FET©^' 
- F icH 2 ©MO S F E T© ByfB^ 1 © 

MOS FET©V-XtCl2©MOS FETOV- 

x^n^ngi^n, fiiBSfH ©mos fet©f 

U-f >i»2©MOS F ET©y- MfflCCW:SS2©M 

05 F ET©^- MM*#V- Fllil-C^VT^^ 

r -/ - F i # v - frbcc fctfria h -> > x©r.;x#^©m 

E*««flBi LTWIB* 1 ©MO S FET©y-h# 

^ i 4JHBB t * >*ira i l r * > o r tut 

[0017] »2©«BBW, F^>X©Z1^IMCC 

— ;x#st i wast t /c»offl©sij«^i8:w 6 Braas 

1 ©^©-^SJa^ffi*!^ ^ sr ^*^©IB«riKi-r s 
f^Cto ^ Cc , iffSB.8B«i»©«E*J®»^ -/ ^ ^^©Mtt 
iRiUfc*fiJE*feorBW!*IW*r4*ail/rt»4. 

[0 0 1 8] ±IBfll^©»93tc*jC*-C, ^-f>^-f^ 
IW>in^»Wl©MOS FET(Jt> 
ttfiSi&D* m2©MOS FETI^7ttl%»T. 

cnccj:0, C©«8ParW, fififeWiH«Ccfiiff(c 
BSICOMOS F ET*ffl4«i«^iSftn4. c 

©i#. ^ 7 m{c«iM(?);wr^ w 
enjjn§n^cir, *>««4f^L, *4tx#4* 
-FSJSMfr*. c©'WT*y-f3i--F©JS*»«:j: 
0, ^2©MOS F ET©^- h • V-XIH©A** 

[00 19]<KiC, ^^>^-f v^jRT-A^^TSi. 
m 1 ©MO S FET i^*&^ ^ v zFm^Z&lcm^A 
T^«E3&«EnflP3ti4©"C*7tR«ittO. ^2 ©MO 
SF ET©y- h • y-^BI<OA*«4S«CBr** 

r«W*«Sit6#i, B2©MOS FEW>tS. 
cn^Ci;D, fi«^©«»tt»2©MOS FET^ril 

[0020]^ir, h^>^©«B«E (r;x«R6 

^ttSg^*6f#urc^©r. !2©MOS FET©^ 
• v-xrBi©A^tr^^iB^mLri^mm^* 



(4) 
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&0>hti*><DX. ^2CDMOS FET«* 

S FET*aiyTfiMi&Sft5. 
[0 02 1 ] Wc, *MR^-#tf>T£i* 
fjfll (DMOS FETi^^ 
U fifil^(Dl««*lOM0S FE T^rilOT «t& 

sn, hs2<dmos FET©y- b • y-xii©A* 

[0 0 2 2 ] S5iB<Din< . CCDftWTtt. b^>XC£>^ 

nr. Avrx^t- f«cj;4*2©mos fet 

©>WTX«f*MH¥ (IS2CDMOS F E TCOY— V * 
y-^BI«W©«i;ii«>»fl?) K±9»2(DMOS F 

e t >mt*tm ox »»^cD«i»*«ittr 

<DX~$>Z>« 
[0 0 2 3] 

[00241 01 tctt^f&ijBOSI 1 HJfi^SaWOBlSUS 
[0 02 5] c<om l **»«Wcc*$c>r»aWftBlJH 

SE«»18te. SBKDMOS FET7if 2©MOS 
FET8i, /<-YT*#-f *-F204* $S*R*-Y**5R 
^■214, «la<*22. 23*«LT«JSRS*VCl>*. 
[0 0 2 6 ] CCDfn]W^ffiSl8C0® 1 CDMO S FET 

S FET80 FU-f >tV-Xfe(ie*W©ia4 0»'&- 40 

aWJftCitt, »l©MOSFET7©FU-/>t»2 
QMOS FET8©y~hfffltt:»2(DMOS FET 

8 coy- HM**y- FfflcoftSKiOT'WT;*^* 

-F20*S*ftLfcC<!:<fc, C©/<-/T^y-f-F20©r 
✓ -F±#y-FIBCcJg*&x-r 9*tt2±*9»f* C(D 
1R^9 *»?-2l* h7>^2 <Dz&mm 6 <D^E* 

[0 0 2 7] mriBJSi&x -Y 9 **T-2lBy<4 ^-^7 50 



3U^W;^7^^^- F20flD*V- FflB«c»l* 
3ft> JS»**f 7^2i©x^ *j*m\*>*47X#4 
-K20CDT-/-KfflKC^$n*Cl^o ^Lt, 
^^^**21<0^-^«Sta»22*^Or— *«»6<D 
—*■»!, SfSlOMOS FET7©y- MCffi 

RStltl^. ^Lt. JI&X-Y 9^3R^2l(D-<-^4 

9»racctt«tnf*23^««sn-c^s. cn 

£*fi£i<*22. 23tt— 6 ©m^mE£*9*&X 

^T-2ioc^ -y r £ fc&ccstt 6n & 4> ©-c& 

[0 0 2 8 ] ,X(OC<om 1 l8JIBB««©»ft*ia2C!)* 

^Aft-h*#iura«t4. *r, wait. -c> 
>^ 2 ©nm^6 (ciE v n 2 c©«e*«* 

1CDMOS FET7©y-h • y-*IHWEv„ 1 4 
LTEPflnSf-l. Il©MOS FET7iJ®B^-f^ 

21ttft CCJB#lfiJ<D > < -Y T * WBWHBH 3 ti r * > "T 
£ e Sl©MOS FET7<D*>ttfPlc<J:9, ^ a - 

-Y JH2CCW* lOMOS FET7 4fflO"C«8S^ 

*l©MOSF E T 7 CCffift£S«£ i a «»LC^. 
[0 0 2 9 ] — -Y v ^SS^KD* >ttfffiC J: 

0, rt477.94*- F20fcflStt3ft, ^2C0MOS 
FET8CDy-h • V-^IB<DA*»*S*«ClWtl/T: 

rfii5l3BJCcgtt&3*i. !g2<DMOS FET8CDA* 

^^^M (c v* u r c ^ /c^?w aid r 6 n * c i <c < 

[0 0 3 0 ] B^giJt , ^OX^yfS?4^7t 
-Si, »»x*^*«Cj:5 h7>X2©- 3t««3CCiJ! 

SC-TS. MlcDMOS FET7 4^X 

-f 9^SR J f L 2i»*y S2©MOS FET8W> 
tS, CC0^2CDMOS FET8<D^>S&mCctO, 
^ a n JUi2(D«8fc«»2 <DMO S F E T 8 

<b^2CDMOS F ET8 6Ci»ft*««Ei i ta*l/t*. 

F2«*«*i^cc^-fr^sn. n^««i6 

C7)x^;U^^*>fTX^-r^- F2O*/rUT02<DMO 
S FET8©y- h • y-^PelOA^^fi^ttlA 
e>n, ^2CDMOS FET8©y- h • y-JXfflOA 

^SSl{ciWiie»n5. fir, ^ ©m^r«. 
^x^^^^2i^^^Lru^(D-c, -ecosscmsgffi 

^Wrx^t- F20CcJ:»)BBS P 3nft:tt«4tt*. 
[0 0 3 1 ] ^^C, mm t , tF7>X2 ©^HE 

2i«*y««*ltt«0'Ci^*e>, aV7^^*-f 

20t»M7X©ttli^l »2©MOS FET8 



OS F ET8©y- hCCJS/WT^^E^EflJl^^i/c 
tHB******. C©tt*. Sil2©MOS FET8(J 

5i#«**>««s*«ftpo, ju32©w*b: 

?l*»#S2(OMOS F ET8 4ai0rflftti, 
[003 2] fit, A <(>X4 v^*-T-4 3fi*l*SlJt , 

[0 0 3 3] COjUBBJWJtll, ^ 4 -f 9 

*****2itt*7ttJ»IW**©t\ h7>x20 
«MB«E3&«««flE*c&SJWIB, "Tttto^t, -t, 
RflTfr*. /WT*y-f*-F20CCJ:»)*2©MOSFE 

^£F1±T£©T\ lfl2©MOS F E T 8 Q>¥— V • 

y-^Mcc{a«j£v C51 ©tr- ^>?"3*ifc 

tt»<htcO, S20MOS FET8«l^^t>l!) 

©t a *^t, ©WiRBfct. S2®MOSFET8*i*>tt 
Sst89l2©MOS F E T8&iiLX*ifcrt*S&*i£© 

3fe0i©<E8fe#*f Fio%aur«i«^8Ktii»^cctb 

[0 0 3 4] )g»X-f y^*f-20*s*>-r*Ci 

tC<t^rlia«3nS*2©MOSFET8<Z>y- h - V 

t&<©i5i3iiJccfit»&sni(Dr, <to— MBRttft© 

[0 0 3 5] iC^t, BRMMFOMttSk <-rf-f>*-f 

i»#W¥jfi^ #£d* se*w©H4cc^-r 

r * 3 - * n ;H2CCSMi S 2 (DM O S F E 

T8^6Ki»^-<*- Kl0«cWf3ft*)*ISiC. 
^>#**>*#SS5W*;5U*U «ift©tfJ9Jfe*J£S 

£D£* cojS- c©s«l0l*««rB«ay-f*--Fio 
<D^o^Aa&fficj:e)*r. hi2©mos fets©^ 

>«»*9l*«#«ttr4J:9CCOr, l&2©MOS 

FET8tc3i*«*ai**5«n&J:9*cb , rc>*or, 

K±<*»4C4#4< ttO. i6JSiffilB«i4?T5»& 
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[0036113 CC »#»*»©» 2 HJ6J&«WI**7n * n 
ri >5 B C ©S*£ 2 Slfl^JBWttJffifc* -f * * JRT-210>W 
HrtHi* h7>^2 Ol^SSB -Cttft < S(«3B24<k U/c 

wan— iwtwu *©«B*w««wr*. 
[0037] sr8a8ii«.«24« F7>x2 ©-Office 
«IK 6 i tt3J««ttJL©«li*ffli»-c h^>^2©nrcc 
io eSST*C<bCCj:0«fi!E3nr*j*3. J5iJ««24©-*fl!j 
WlBl©MOS FET7fcJ:U f a2©MOS FET 
8 ©V - *»KcSM» S tl, 8««»24©fft«MW(C«^ T 
xy-f*-F20©ry-F36S»JBISh, ;W7xy-f* 
- F20©*V- FflftWB2©MOS F ET8©y- h 

cctttt3tiri^«. ^u, 3s»^-r v^*^-2i©^<- 

»!Btt22&^LTg«*K24©— ffifflh 0*0, ^ 
i©MOS F ET7 <LJg2©MOS FET80V- 
xfflJtc^ittsn-CC**. fr*s. C©^JSJi5JSW"C«, ^ 
> * -f y *m^F 4ffi* > #»© £ * * S(«»24©— 48 
20 M. SIXMOS FET7 4S2COMOS 

F E T 8 © V - Xfflijtc ^7 ^©«£aWB!iBS *i4 <t 9 

uij«ai24©attA«»3E snn^. 
[ o o 3 8 ] c©^ 2 igtt&ffiffl fct)reB& 1 

1 ©MO S F E T 7 tm&A J v **f-2i#*>tRJK 
<tfr^ Sf!2©MOS FET8«t7«lift»), * 
g-^n-f JH2©«»«» l©MOS FET7«ly 

[0 0 3 9] *LT, y>f>X^7f*KW7tS 
30 <h. r^*«6 <hgiJ*lil24©«H43^SIS"f 4©"C. JH1 

©MO S F E T 7 <fc}S»* -f » WIW-21**K«C*7 
L. 120MOS FET8#*>L, 
l2©«8S3&«^2©MOS FET8^:51L/riJSn4o * 
LT. C©i^, ^2©MOS FET8©y- F • V 

- x ra© A*^?£ss cc i^6n^ 0 

[0 04 0] fit, h7>X2©«tflWE*s*tCtt'? 
fci*cctt, S»^-/»^* : F-21i3:*7tt«*||»L'r 
t^4©r, ^-{T^*-/*-F20«:J:«3, I2CDMOS 
FET8©y-h • v-^ra©^?§fO]SRSOTl±3ti 
40 T. ^2©MOS FET8IJt>«M»t4IS 
^ 3 - ^ ^ ;H20Si6i« Iti^^ 2 (DM O S F 
ET8*a-3Ti3ttti. ^3-^=»-<iH2«ri3fcna«ift© 
»R14#fffcft*©-C*£ B 
[0 04 1] C©*2S8«*«««C*j^'Cb, h^>X 
2©*««BE*«»«E«:«cSJWIffl«, JS2©MOS F 
E T 8 *«*>ttlBrc# a " 9 n -f ;H2©S»*«ifttl4© 
S£*WI©5£8K^-<^- Fio*jiUr«Stt*i*r*l'& 
CCtb^«EP*T«+»CC/hS&fc©<bttD. ^tl*^ 
tsecc/hS < r*, @B»ff©^:«tt»Wt*aasr* 
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